T he series of carbon markets and offset schemes introduced internationally represent an opportunity to improve biodiversity outcomes through the revegetation of previously cleared agricultural land. Agricultural land in many parts of the world is being pressed to provide more environmental and economic services, while at the same time, its capacity to provide even the most basic provisioning services under potential climate change is in question (Schoeneberger et al. 2012) . Land-use change and forestry policies have taken on an increasingly important role as a result of the negotiations of the United Nations (UN) Reducing Emissions from Deforestation and Forest Degradation (REDD+) Programme, part of the Clean Development Mechanism included in the Kyoto Protocol. Although avoiding deforestation and forest degradation is one of the main focuses of REDD+, the UN emphasizes that REDD+ goes beyond deforestation and forest degradation and includes the role of conservation, the sustainable management of forests, and the enhancement of forest carbon stocks (UN-REDD 2009) . In this program, a carbon market was created in which corporations can buy carbon from farmers and land managers who sequester and store carbon above and below ground and thereby offset their emissions. The carbon-emitting corporations make payments to reward land managers for taking action to protect and plant trees or otherwise increase the carbon content of soils and vegetation on the land they manage (UN-REDD 2009). European countries have established a cap-and-trade system to create a carbon price, and a variety of voluntary state or regional strategies for emissions reductions have been developed elsewhere, including the Regional Greenhouse Gas Initiative in the 10 Northeastern states of the United States (Fahey et al. 2010) . Many countries are now considering policies to allow landholders to access the carbon market through voluntary changes to land use. Whether these programs will lead to significant land-use changes will depend on the carbon price relative to the cost of other land-use or agricultural-production possibilities, as well as on the recognition and reward of the benefits that come from land-use change associated with carbon sequestration. Although carbon-accounting methodologies for carbon sequestration projects have been developed, there is often uncertainty about the likely rates of carbon sequestration on a specific site (Ritson and Sochacki 2003) and about the institutional mechanisms that are required to monitor and broker carbon stocks at the landscape level (Perez et al. 2007 ). In short, much research is still needed in order to understand how to successfully increase carbon sequestration across the landscape (Harper et al. 2007) .
In Australia, the Carbon Farming Initiative (CFI) has been developed as a carbon-offset scheme established by the Australian government to provide farmers and other
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land managers access to international carbon markets (for a policy description, see Bradshaw et al. 2013) . Carbon credits (measured in metric tons of carbon dioxide equivalents ], with each credit representing 1 ton of CO 2 -e ) can be earned by storing carbon (e.g., tree planting) or reducing greenhouse gas emissions (e.g., methane capture from landfill or livestock manure) on their land and can then be sold to people and businesses wanting to offset their own carbon emissions. Carbon is removed from the atmosphere through sequestering carbon in plants and increasing organic matter in soil or through avoiding losses of vegetation or organic matter in soils. All of the projects have a permanence commitment of 100 years (based on the estimated life of 1 ton of carbon pollution in the atmosphere) to discourage the rapid return of carbon back into the atmosphere, which would reverse the benefits of sequestration. A price on carbon is expected to generate demand for carbon-offset schemes, but the economic returns on carbon plantings are highly variable (Crossman et al. 2011) . Nevertheless, the CFI presents an opportunity to sequester carbon across millions of hectares (ha) of cleared farmland and rangelands (Harper et al. 2007) , and incentives to create additional benefits to meet conservation and restoration objectives should be considered in the development of carbon plantings (Bekessy and Wintle 2008) .
Carbon farming and the international increase in voluntary carbon markets have been criticized for their lack of contribution to sustainable development-in particular, in terms of providing cobenefits to local communities (Chhatre and Agrawal 2009) . Here, we define cobenefit as a benefit that is in addition to the intended benefits and a benefit as a measurable improvement that is seen by stakeholders to be positive and worthwhile (London Councils 2011) . We suggest that the implementation of carbon farming as an offset to emissions is more likely to succeed if these schemes embrace the broader goal of providing sustainability outcomes that benefit the local community in multiple ways. These cobenefits include increased farm income diversity, along with less economically tangible benefits such as reduced agricultural externalities, improved ecosystem services to agriculture, and improved biodiversity outcomes, each of which would increase the overall value of carbon farming (Corbera and Brown 2008) .
Therefore, carbon-farming initiatives present an opportunity to improve environmental quality through the careful consideration of methods to revegetate agricultural landscapes and to gain private and public benefits associated with bio diversity conservation and ecosystem service delivery. Although a range of potential carbon-offset methodologies are currently being considered around the world (e.g., soil management techniques such as no-till farming, changes to pasture and crop rotations, livestock management), we focus here on the revegetation of agricultural land using woody tree species, because most carbon sequestration offsets are expected to be generated through tree plantings (Crossman et al. 2011 ). We present a short review of the potential changes to land use in agricultural landscapes under voluntary carbon-farming markets, the potential benefits of this land-use change for biodiversity conservation and ecosystem service delivery for both public and private benefit, and the barriers and challenges to implementing revegetation strategies that increase the production of cobenefits across the agricultural landscape. The examples discussed in this article are not the only ways in which land use can change the carbon cycle, but the only pathway we consider here is carbon sequestration through tree planting. We also consider the effects that new policy incentives may have on overall landscape carbon sequestration and the other noncarbon benefits that can be gained from tree planting. Most carbon investments have been in monocultural plantations of trees that offer a rapid return on investments but relatively little compositional and structural diversity (Bekessy and Wintle 2008) . Our goal in this review is to consider alternative methods in which increased biodiversity and structural complexity can be achieved in carbon tree plantings in order to provide environmental cobenefits across the landscape, in addition to the carbon sequestration benefits that are the fundamental drivers for change. This approach highlights how these various land-use trade-offs come together in the context of carbon farming. We focus on the biophysical aspects of this issue because the specific policy instruments required for implementation are understandably broad and outside the scope of this article. Highlighting a range of revegetation strategies, we present a framework that could be adopted in carbon-farming revegetation schemes to generate cobenefits across the landscape. The land-use changes that one would adopt to sequester carbon (as the only benefit) are not the same as what one would adopt to gain cobenefits in addition to carbon sequestration. We must examine the range of land uses that allow cobenefits to be gained while carbon sequestration remains the main goal. We suggest that, if cobenefits are not pursued in the carbon sequestration landscape, the outcomes will be adverse. In addition, by taking into account the increased cobenefits derived from revegetation with diverse composition and age structures, carbon-farming initiatives will have greater rates of adoption and higher levels of success.
Potential land-use change impacts under the new initiatives Historically, the conversion of natural ecosystems to agricultural systems and the intensification of management have been linked to the loss of biodiversity-rich habitats, resulting in highly disturbed and fragmented ecosystems (Tilman et al. 2001 ) and a reduction in biodiversity and ecological function. Simplified production landscapes disrupt many natural processes, such as pest management, carbon sequestration, and water and soil conservation (Tscharntke et al. 2005) . By enhancing provisioning services from landscapes, such as food and fodder, we typically reduce regulating and cultural ecosystem services, such as nutrient cycling, flood protection, and tourism (Tscharntke et al. 2005 ).
Agricultural landscapes are dynamic, and farmers constantly adapt in incremental ways to environmental changes. Although, in the past, the trend was toward tree clearing and deforestation in many parts of the world, carbon farming creates an incentive to reverse this trend and to increase tree planting and revegetation activities across agricultural landscapes (Crossman et al. 2011) .
Economic scenarios of land-use change in response to the introduction of a mandatory price on carbon have been focused on the basic economic incentives (carbon sequestration for maximum offset payments), and it has been assumed that the most profitable system will prevail. Planting a monoculture of trees offers a rapid return on investments (Bekessy and Wintle 2008, Bradshaw et al. 2013) ; therefore, tree-based monocultures have often been favored over diverse plantings of native species, which would provide a greater variation in vegetation structure and composition and more cobenefits (Nelson et al. 2008 ). In addition, tree-monoculture plantations, on which there is a single species of uniform age, planted in a regular pattern of large contiguous blocks, are easier to manage and monitor for carbon sequestration than are ecologically diverse plantings composed of many species of different ages and forms, with a complex distribution pattern across the landscape (Harper et al. 2007) . Because the prevailing direction in carbon sequestration projects is to move toward tree plantations, it is important to present and incentivize other revegetation methods that allow for considerable carbon sequestration gains while providing the ecological structure and function necessary to provide cobenefits.
In order to better understand the outcomes of carbon farming for stakeholders, we have adopted a commonly used benefits-based framework (Besculides et al. 2002) to assess the co-and disbenefits of carbon-farming initiatives (figure 1). Benefits can be classified in a number of ways (e.g., personal, sociocultural, economic, environmental), with both financial and nonfinancial outcomes (Besculides et al. 2002) . Financial benefits are usually char acterized monetarily through direct payments (e.g., offset payments for carbon sequestered) or gained efficiency that leads to reduced resource expenditure (e.g., integrated pest management that results in less time and money spent on pesticide application). Nonfinancial benefits include improvements across services or functions and can be measured by performance indicators (e.g., improved filtration of hydrological outflows from a farm; London Councils 2011). Disbenefits are outcomes that are perceived by stakeholders as negative, although the same outcome can be seen by different stakeholders as either a benefit or a disbenefit (e.g., increased efficiency can save money but can also cost jobs; London Councils 2011). Because of these incongruities, it is important to understand which stakeholder will be disadvantaged, so that disbenefits can be managed for the affected social group. The trade-offs between cobenefits and disbenefits to landholders will significantly influence the decisions that they make about voluntarily adopting carbon farming and about which land-use strategies are chosen. The goal is to develop carbon-farming methods that provide benefits to private landholders and that encourage 
wide adoption but also provide cobenefits for the wider public, so that the net benefits can be maximized. Certain management systems have been shown to be successful in establishing and developing cobenefits with revegetation, and such methodologies could be useful for developing best-practice carbon-farming systems that allow for high carbon sequestration levels while providing cobenefits (figure 2). Raudsepp-Hearne and colleagues (2010) showed that carbon-regulating services can be positively and significantly correlated with several other regulating services, such as soil organic matter, soil phosphorous retention, and drinking water quality; if they are implemented to provide additional services, there is the potential for many environmental public and private cobenefits. Some agricultural systems have been identified as especially successful for providing carbon storage and biodiversity benefits. Multifunctional systems, such as mixtures of multiple species, tree cropping on cropland, and the use of perennial plant species, have been shown to create complex ecosystem structures that sequester carbon, support biodiversity, and deliver ecosystem services to the surrounding agricultural land (see Boody et al. 2005 , Jordan et al. 2007 ). Perennial crops have the potential to capture and hold large quantities of soil organic carbon. For example, in Minnesota, up to 0.9 megagrams (Mg) of carbon per ha per year can be accumulated (Paustian et al. 1997) , and a modeled scenario of increased vegetation cover in a single Minnesota catchment showed that soil organic content increased by 86% as more grasslands and riparian buffers were established (Boody et al. 2005) . Agroforestry is another example of a diversified and structurally complex system that can provide high rates of carbon sequestration above and below ground and that can increase ecosystem structure for biodiversity through increased multilayered vegetation and tree coverage (Jose 2009 ). However, estimates of carbon sequestration potential vary, depending on climatic gradients. Ramachandran Nair and colleagues (2009) showed that the carbon sequestration potential of the vegetation component of agroforestry varied from 0.29 Mg per ha per year in a fodder-bank agroforestry system in West African Sahel to 15.21 Mg per ha per year in mixed species stands of Puerto Rico. In alley-cropping systems in Canada, soil carbon estimates were around 1.25 Mg per ha per year, and in silvopastoral systems in Costa Rica, soil carbon measurements were around 173 Mg per ha per year. Many other cobenefits can potentially arise from agroforestry systems, such as hydrological protection (Jose 2009 ), temperature regulation (Lin 2007) , pest and disease control, and enhanced soil fertility (Jose 2009 ).
Certain management systems have proved to be unsuccessful for carbon farming, and information on failed systems can be equally important in developing a list of best-practice carbon-farming methodologies (figure 2). In one example, tree plantations suffered a high rate of failure if few tree species were planted and if the trees were not well suited to the site conditions (Wuethrich 2007) . Of 98 publicly funded reforested areas in Brazil, only 2 were considered successful. In most areas, after initially flourishing, many of the trees died and weeds took over. It was found that reforested areas with 30 tree species or more generally performed better than areas with only 3 or 4 species. The appropriateness of the species to the local conditions was an important consideration in successful implementation. Revegetated systems with appropriately and sufficiently diverse species were able to recruit other native flora and fauna to sustain the system (Wuethrich 2007) . In addition, monocultural tree plantations can facilitate the establishment of invasive species and can increase susceptibility to species-specific pathogens by creating novel ecosystems with new species combinations and relationships (Hobbs et al. 2006) .
Trade-offs of land allocation between revegetation and agriculture will also affect the successful implementation of carbon-farming initiatives. In a study in which the attributes of 42 programs involving carbon-offset payments to fund tree-planting activities across sub-Saharan Africa were examined, Reynolds (2012) found that sites with soil quality and rainfall favorable for tree growth were generally not selected for carbon farming by landholders because of the high opportunity cost of forgone agricultural production, whereas projects on degraded sites were much less disputed and often successfully generated and sold offsets. Contrary to expectations, payments to groups (as opposed to individuals) were common among the successful projects, and benefit sharing (allowing local people access to Overview Articles nontimber products) was another determinant of project success, as was local involvement in project design and implementation (Reynolds 2012) . Projects specializing in carbon sequestration alone were far more likely to fail than were projects emphasizing multiple benefits, and most of the successful projects advertised environmental benefits, such as biodiversity, and social outcomes, including employment; training; and access to food, fuel, and clean water (Shames and Scherr 2010) . Collective action and benefit sharing in many reforestation projects are important because success is partially contingent on selecting project sites that are environmentally and socially conducive to collective action (Ostrom 1990 ). Local communities must develop formal institutions consistent with and complementary to the local norms surrounding forest use in order to achieve success (Corbera and Brown 2008) . In another example of community-based carbon sequestration leading to multiple social and environmental benefits, the Humbo Assisted Natural Regeneration Project in Ethiopia planted 2728 ha of degraded native forests to access the carbon market while reducing poverty and restoring the local agroecosystem (Brown et al. 2011) . The local Humbo communities were able to harvest fodder and firewood within a year of the project's initiation and wild fruits and other nontimber forest products within 3 years. The establishment of user rights and local cooperatives to generate community ownership was important in generating enthusiasm for the project and in empowering the community to sustainably manage communal lands.
In some studies, issues relating to the cobenefits or disbenefits associated with revegetation have begun to be incorporated into the analysis of carbon-farming implementation. For example, Rittenhouse and Rissman (2012) explicitly incorporated cobenefits related to habitat area for species conservation. Increases in habitat area and habitat connectivity resulted from afforestation across Wisconsin for forest-associated species of conservation concern. However, grassland species experienced a reduction in suitable habitat. Crossman and colleagues (2011) modeled the spatial distribution of monoculture carbon plantings and ecological carbon plantings on agricultural land in South Australia. They concluded that an additional but relatively small incentive would be required to establish ecological carbon plantings in areas of high priority for restoration. Less optimistically, in an economic analysis of carbon treeplanting opportunities in the wet tropics of Australia, Hunt (2008) concluded that it is likely that land that is important for endangered or threatened ecosystems will be converted to monocultures, not restored rainforest. These analyses incorporated differences between tree-planting methodologies and spatial configurations (table 1) that can greatly affect the potential for cobenefits and disbenefits (Paul et al. 2013) . In table 1, we distinguish between different ways of integrating trees into the agricultural landscape-from systems that have significant levels of integration with the agricultural production system to those for which they are very separate. For example, a large block monoculture is not well integrated into the farm processes of an agricultural landscape but is able to store significant amounts of carbon. Linear planting strips within the farm landscape will have greater levels of integration with farm-level processes and will store some carbon. Environmental blocks might have carbon and biodiversity outcomes but not a lot of integration. The various tree-planting configurations can have different levels of coverage and can satisfy different goals for the landholder.
In many production landscapes, there is land that provides little to no direct farm income and that can be revegetated, including areas along fences, field margins, roadsides, waterways, degraded land, rocky areas, and areas with steep slopes. The opportunity cost of revegetation on these parts of the landscape, where agricultural production is marginal, may be very low. Carefully conceived carbon farming on these areas represents a true win-win opportunity, because the overall production losses due to revegetating these areas will be very low (Macfadyen et al. 2012 , Paul et al. 2013 ). However, well-designed economic and policy instruments focused on both carbon sequestration and biodiversity conservation are required in order to ensure that these areas are revegetated and maintained in the long term (Bradshaw et al. 2013 ).
Cobenefits of carbon farming for landholders
Multiple cobenefits can be gained from carbon revegetation on agricultural land (figure 1), but these benefits accrue for a range of different beneficiaries. Private benefits apply to the private landholder and are a result of changes in land management, whereas public benefits are those that affect everyone (Pannell 2008) . The two direct benefits are carbon sequestration from revegetation (a public benefit) and the financial gain from carbon-offset payments (a private benefit). However, cobenefits of carbon farming can provide additional positive outcomes such as saved time, money, and resources as a result of increased ecosystem service delivery (e.g., a decreased need for pesticide application) and nonfinancial public environmental benefits (e.g., better air and water quality from reduced chemical inputs). Certain strategies can provide both public and private benefits (e.g., reduced pesticide use can lead to financial benefits to farmers and well-being for the environment and society), and these strategies present an important area of focus for the consideration of carbon-farming methodologies that maximize the beneficial outcomes. Of course, as was stated above, benefits are very context specific, and there is great potential for beneficial land-use change if the carbon price is high enough and cobenefits are possible.
With this perspective, carbon-farming initiatives present an opportunity to revegetate a portion of the agricultural landscape and restore ecosystem structures that maximize both the main benefit and environmental cobenefits ( figure 1). Forest restoration studies, such as Chazdon (2008) Reduced cropping land Landis et al. 2000 , Munro et al. 2012 , Paul et al. 2013 Note: The type of revegetation methodology chosen alters the potential supply of cobenefits and disbenefits. Trade-offs between cobenefits and disbenefits will influence the decisionmaking process for participating in carbon-farming initiatives and for which strategies to implement. The methods toward the lower half of the table have greater cobenefits and fewer disbenefits than those in the upper half.
We have made no distinction about which of these strategies will provide more or less carbon sequestration (because they will vary in different contexts).
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October 2013 / Vol. 63 No. 10 Overview Articles many components of the original biodiversity can recover from postagricultural transformation. For example, after 30-40 years, natural regeneration following the abandonment of pasture and coffee plantations produced secondary forests in Puerto Rico, with biomass, stem density, and species richness similar to those of the island's mature forests (Zimmerman et al. 2007 ). Munro and colleagues (2012) found that revegetation on agricultural land in Australia improved the ecosystem functions of soil stability, water infiltration, and nutrient cycling. Interestingly, Munro and colleagues (2012) did not find better function in ecological plantings with multiple trees and shrub species than with monoculture plantings of Eucalyptus trees. In general, mechanisms that are able to enhance ecosystem structure will provide opportunities to restore lost ecosystem functions and to potentially strengthen the delivery of ecosystem services (Chazdon 2008) . This may include public cobenefits important for environmental well-being, such as soil health and water quality, and those important for human health, such as reduced air pollutants. On-farm environmental cobenefits can incentivize landholders to engage in carbon-farming initiatives. For example, about 75% of the crops that are grown around the world benefit in some way from insect pollination (Klein et al. 2007) . Studies of many crops show that pollinator visitation rates and fruit set are greater for crops that are near patches of noncrop vegetation that can provide pollinator habitat (Ricketts et al. 2008) . The rate of yield increase achieved over recent decades is lower for crops that depend most on insect pollination, and it has been hypothesized that this constraint is a result of a trend toward the loss of pollinator habitat from agricultural landscapes (Garibaldi et al. 2011) . Therefore, increased tree plantings and revegetation have the potential to increase pollination and crop yields. Pest suppression is a perennial challenge to farmers and, in certain seasons, can be an essential ecosystem service for preventing widespread crop losses. Revegetation and habitat management from carbon farming could be used to create ecological infrastructure that provides favorable resources to natural enemies (invertebrate predators and parasitoids) and that is also practical for producers to implement (Landis et al. 2000) . Economic calculations of revegetation for natural enemy habitat have shown monetary benefits to land holders, even when the land was taken out of production for this purpose (Thomas et al. 1991) . The results from a meta-analysis study of the density response of natural enemies showed that experimental increases in structural complexity led to a large and significant increase in natural enemy abundance, both at the habitat and the within-plant scales (Langellotto and Denno 2004) . In addition, many types of ecological complexity could promote the diversity of natural enemies while increasing the carbon sequestration potential of, for example, silviculture, agroforestry, and the use of perennial noncrop plants (Jose 2009 ).
Another potential on-farm environmental cobenefit is the ability of increased tree cover to provide windbreaks and other microclimate benefits for crop production. Trees can reduce wind speeds at ground level, especially when they are planted as windbreaks or shelterbelts (Smith and Jarvis 1998) . Tree shelter has also been shown to protect crops from extreme storm events in which intense rainfall and high-velocity winds cause landslides, flooding, and premature fruit drop from crop plants (Philpott et al. 2008 ). There are many additional benefits from windbreaks and shelterbelts, including reduced soil erosion, improved microclimate for crops, shelter for livestock, and increased pasture production (Hodges et al. 2004) . Windbreaks are also likely to provide many other benefits that are shared more broadly, rather than concentrated with the landholder, such as greater native biodiversity. The economic benefits to the farmer would increase once one includes the subsidies for revegetation (Brandle et al. 1992 ) that could be associated with carbon farming.
Barriers and challenges to carbon-farming implementation with maximum cobenefits There are numerous scientific challenges associated with identifying and developing carbon-farming strategies that maximize cobenefits, including a lack of understanding about which tree-planting strategies allow for increased cobenefits to be developed in addition to carbon sequestration benefits. There are uncertainties that can prove to be challenging in developing initiatives, and many projects may result in outcomes different from those predicted. Furthermore, the broad range of potential beneficiaries means that trade-offs associated with private, public, and shared cobenefits must be thoroughly considered (Pannell 2008) .
First, there is still much research needed to understand the value of the various ecosystem services that could arise as cobenefits and to better understand the bio logical mechanisms that underpin them so that we can design good management strategies. Differences in private and shared benefits and the trade-offs associated with different revegetation strategies will affect which methodologies will be implemented on agricultural land. Biodiversity is often neglected in policy formulation outside of environmental portfolios, despite its support of many ecosystem services (Thompson et al. 2011) , and a cobenefits focus will require that biodiversity is considered in revegetation schemes. In addition, ecosystem service benefits (e.g., climate regulation, soil formation, nutrient cycling) are commonly not taken into account in environmental-planning decisions, which leads to a discounting of their value (Balmford et al. 2002) . This is largely due to a shortage of information regarding which ecosystem services are affected by changes in land use and the trade-offs associated with ecosystem service loss and land-use conversion. It is important to remember that, although carbon can be traded on the international market as relative equivalents, the environmental cobenefits associated with specific carbon-planting schemes cannot; consequently, the value of cobenefits is usually ignored in Overview Articles trading schemes (McKenzie et al. 2011) . Therefore, research on the gains and losses of ecosystem services under alternative carbon-farming strategies is needed in order to determine the level of benefit that can be achieved by different strategies.
Second, private landowners lack incentives to manage land with ecosystem services and biodiversity conservation benefits in mind, because many of the benefits produced on their land benefit others (Nelson et al. 2008) . Therefore, many landowners will logically choose revegetation that offers the most carbon sequestration benefits for the least amount of work and cost and that will provide few cobenefits. Incentives to support ecosystem services and bio diversity conservation are sometimes provided by government programs such as the US Department of Agriculture's Conservation Reserve Program and the Common Agricultural Policy in the European Union (Donald and Evans 2006) . Crossman and colleagues (2011) investigated the incentives necessary to drive investment away from tree-based monocultures that provide higher carbon yields and toward more-diverse plantings of native tree and shrub species that provide greater vegetation diversity and more structure for biodiversity. They quantified the economic returns from carbon plantings (monoculture and mixed species) under six carbon-price scenarios for landholders in southern Australia. Monoculture plantings sequestered more carbon than mixed plantings did, which therefore required an extra incentive payment for ecological plantings in order for them to be competitive with mono culture plantings. This extra payment increased with higher carbon prices, although at a smaller proportion of the mono culture profit. For example, at a low carbon price of AU$10 per ton of CO 2 -e , an average annual payment of AU$7 per ha to the landowner would be needed to make ecological plantings competitive with monoculture plantings. This payment would increase to AU$50 per ha at a medium carbon price of AU$20 per ton of CO 2 -e and AU$125 per ha at a high carbon price of AU$45 per ton of CO 2 -e . Part of this difference in pricing is related to the higher cost of planting diverse native species rather than monocultures, because a significant effort is required to collect and germinate seeds from diverse sources and to plant in a strategic manner (Pannell et al. 2006) .
Third, in complex and diverse agricultural landscapes, there is a poor understanding of the best strategies to revegetate landscapes to regain some of the lost bio diversity, ecosystem functions, and ecosystem services (Munro et al. 2012) . For example, in forest ecosystems, restoring functionality depends strongly on the initial state of land degradation and the desired outcome, time frame, and financial constraints of the land manager (Chazdon 2008) . In addition, land-use models have shown that policies aimed at increasing only the provision of carbon sequestration across the agricultural landscape do not necessarily also increase species conservation (Nelson et al. 2008) . In a study modeling private land-use decisions in response to policy incentives that increase carbon sequestration and species conservation in the United States, Nelson and colleagues (2008) compared land-use changes under five conservation incentive schemes. They found that when conservation was maximized (e.g., through the restoration of rare natural habitats), carbon sequestration benefits were minimal. When carbon sequestration was maximized (e.g., through restored forests), the increased habitat helped a few but not the majority of species. Therefore, there are great challenges to simultaneously increasing carbon sequestration and species conservation, and trade-offs must be considered carefully (Macfadyen et al. 2012) . Local knowledge of tree characteristics, plantings of diverse species of ecological and economic importance, and the integration of rehabilitation programs with regional development strategies are essential elements of restoration success (Chokkalingam et al. 2005) and are relevant to producing best-practice tree plantings for carbon farming. Most economic studies on land-use change under carbon farming have not been designed at the farm scale; however, more studies based on a typical small farm in a given area could be used by farmers to assess the costs and benefits of revegetation (e.g., Atela et al. 2012, Mello and Hildebrand 2012) .
Fourth, reconciling biodiversity conservation with changing demands on land use requires that the ecological, sociocultural, and economic values of a landscape be fully taken into account in planning and decisionmaking (de Groot 2006) . These values may vary across the local community and will certainly change, depending on the levels of private and public benefits gained or lost for the land-use transformation. For some farmers, reforestation on agricultural land may represent a major change in land-use and farming traditions (Polglase et al. 2011) . Furthermore, land-use change decisions are often influenced by cultural preferences and other noneconomic motivators. Revegetation activities with broad community acceptance and participation will be more likely to succeed and to be maintained and, therefore, increase the possibilities of achieving long-term environmental cobenefits. In a study of 80 forest commons in 10 countries across Asia, Africa, and Latin America, Chhatre and Agrawal (2009) showed that both larger forest size and greater rulemaking autonomy at the local level were associated with high levels of carbon storage and livelihood benefits. Therefore, the transfer of forest ownership to local communities, coupled with payments for improved carbon storage, can contribute to large-scale sequestration and to benefits for local livelihoods.
Fifth, although there is significant environmental cobenefit potential from carbon farming, land-use change due to carbon farming can also create disbenefits, which may lead to a loss of biodiversity and ecosystem service delivery (figure 1). Perverse outcomes of land-use change could occur as a result of carbon farming, especially if the carbon market increases pressure on native forests and food production land, which could potentially exacerbate food security problems (Niesten et al. 2002 ). This issue is especially Overview Articles relevant when the international context and the potential for transcountry leakage are considered. Leakage, or the displacement of greenhouse gas emissions from one area to another (Atmadja and Verchot 2012) , can result in increased deforestation and a loss of remnant vegetation elsewhere, either domestically or internationally. Within the REDD+ scheme, the issue of leakage is beginning to be addressed; however, cross-boundary and international leakage is still a considerable problem that is difficult to quantify but that is indispensable for assessing global efforts to reduce atmospheric carbon (Atmadja and Verchot 2012) . The possibility of cobenefits and disbenefits also exists for land-use changes incentivized by biofuels revegetation, and similar analyses can also be adopted to examine such land-use changes in order to maximize cobenefits. However, a further discussion of biofuels-induced land-use change is beyond the scope of this article.
There is also the possibility that remnants of vegetation presently in the landscape, if they are not used for carbon planting, will be removed to make up for productive land lost to carbon plantings (figure 1). Although plantations and replanted vegetation for carbon farming can improve ecosystem services and enhance biodiversity conservation, they are unlikely to match the composition and structure of the original vegetative cover (Hobbs et al. 2006 ). An equivalent problem occurs in wetland mitigation banking, in which restored wetlands are unable to maintain the quality and function of the original wetlands lost to development (Zedler 2000) . Fast-growing, short-lived species with low-density wood are often favored by projects designed to provide carbon offsets, but long-term carbon sequestration is promoted by the growth of long-lived, slow-growing tree species with dense wood and a slow turnover of woody tissues (Chazdon 2008) , which also provides more robust ecosystem functions and supports greater biodiversity.
Finally, we must manage our expectations and be realistic about what outcomes are possible in already degraded and marginal lands. Developing a range of methodologies to bring best-practice carbon farming to the landscape will likely come with a number of failures in implementation, as has already been seen in other revegetation projects. Landholders will discover that some ecosystems can be only partially restored, whereas others may never be able to be restored, even under intensive practices. Some systems will require many years to reach something resembling the desired community, and some approaches may restore a specific ecosystem service desired by the landholder but may not achieve significant ecosystem function or biodiversity outcomes. In some areas, the people using the land will have very little control over land-use decisions because of a lack of land tenure and will be unable to implement systems that can be maintained for the time periods required under carbon-farming initiatives (Tallis et al. 2011) . Therefore, some level of failure and partial ecosystem service restoration should be expected in the implementation of projects as strategies are tested across many different types of landscapes.
Conclusions
Carbon-farming schemes provide the possibility of supporting practices that not only increase carbon sequestration but also provide environmental cobenefits for society. However, efforts to develop and promote revegetation strategies that go beyond tree monocultures to maximize carbon sequestration are necessary in order to capture additional environmental cobenefits. Benefits come only from certain tree-planting approaches, and it is necessary to understand which planting designs allow cobenefits to develop. Otherwise, tree plantings that are focused solely on carbon sequestration can lead to poor outcomes. Many cobenefits can come with strategic revegetation methods to provide improved ecosystem structure across the landscape, to support biodiversity conservation, and to improve eco system service delivery. This outcome should be pursued in the interests of private landholders and society in general. However, developing policies that encourage carbon-farming best practices to maximize cobenefits and to minimize disbenefits will be challenging. Planning for carbon farming that explicitly includes cobenefits will be necessary in order to make carbon-farming policy a beneficial endeavor. Strategies aimed at balancing the tension between a carbon-only focus and a cobenefit focus will lead to different-and, we think, better-land-use decisions. More research and more monitoring of methodologies are required, as are incentives that promote the adoption of structurally complex vegetation. The profit from carbon credits alone may not be enough to drive landowners into the carbon market, but the multiplicity of cobenefits that can be derived-if they are made explicit-may. Continued research into land management strategies and their subsequent cobenefits and disbenefits will be necessary to help landholders decide which strategies to pursue in order to support long-term management of carbon plantings and to ensure that desired cobenefits are sustained across the landscape. Carbon-farming initiatives, therefore, provide an opportunity for those involved in agricultural industries to address their commitment to the environment and land stewardship.
